This study aims to determine the influence of mill type and pellet wood composition on particle size and shape of milled wood. The size and shape characteristics of pellets comminuted using power plant-scale roller-and hammer mills were compared with those obtained by using a laboratory-scale roller mill. A 2D dynamic imaging device was used for particle characterization. It was shown that mill type has a significant impact on particle size but an almost negligible effect on the shape of milled wood. Comminution in the pilot plant using a Loesche roller mill requires less energy than using a hammer mill, but generates a larger fraction of coarse particles. The laboratory-scale roller mill provides comparable results with the power plant roller mill with respect to particle size and shape.
Introduction
Biomass firing is used for power generation and is considered as an im-1 portant step in the reduction of greenhouse gas emissions. The anthropogenic before being pelletized, contained 75 % particles following the process de-54 scribed in Figure 1 and contained 25 % coarse bark sawdust residues from 55 comminution on a disk mill.
56
The pellets were produced using ring die pellet machines in which a 57 die ring runs around fixed rollers [15] . The sawdust was added to the roller 58 sideways and pressed through the holes of the die. The string of pressed 59 material leaving the die was broken off into 22 mm long pellets, and then the 60 pellets were cooled down from 90
• C to room temperature for stabilization 61 and hardening. particle [19] .
113
In the present study, particle shape is characterized by both the spheric-114 ity (SPHT) and the aspect ratio (AR). Sphericity is one of the most com-115 monly used parameters to express the deviation of a two-dimensional particle
116
image from a sphere and is defined as
117
SP HT = 4 * π * A P 2
where P and A are the measured perimeter and area of a particle projection.
118
A particle is considered to be spherical when the value of sphericity is equal 119 to 1 and non-spherical when it is less than 1. The aspect ratio is defined as 120 the ratio of particle width (b = x M a,min ) to the particle length (l = x F e,max )
121
so that
Convexity (Conv) is defined as the square root of the ratio of the real area 123 of a particle projection area (A real ) to the convex area (A convex ) so that Particle symmetry (Symm) is defined as
where r 1 and r 2 are distances from the area center to the particle edges is calculated from the smallest ratio of the resulting segments (r 1 and r 2 ).
130
For highly symmetrical particles like circles, ellipses or squares the value 131 for symmetry nears one. The center point divides each line in two parts.
132
The symmetry is equal to 0.5, if the center of the area is exactly at the Particle size distribution. The results are presented as a cumulative particle 137 size distribution, based on volume. The cumulative particle size distribution 138 is described in EN ISO 9276-1:1998, and is defined as
where q 3 is the area beneath the histogram. The results of a particle size 140 analysis were also presented as a frequency distribution over x M a,min , based 141 on volume (q 3 ), so that
The particle size distributions obtained from sieving and 2D dynamic imaging
143
were defined based on three sizes within the entire population: d10, d50, 144 d90. The d50 value is the median particle size within the population, with Feedstock is directed onto the center of the Pellets. 
249
The comparable results obtained using both sizing techniques justify the ap- imaging. Figure 9 shows that the sampling method affects the measured par- 
o f s a w d u s t b e f o r e p e l l e t i z a t i o n A R , q 3 o f d i s i n t e g r a t e d p e l l e t s A R , q 3 o f p e l l e t s c o m m i n u t e d i n r o l l e r m i l l ( V F 2 1 8 k g s -1 )
A R , operational parameters of the mill on particle size and shape.
310
In Figure 12 , the differences in particle size of pellets comminuted in The primary cause for the particle size differences among samples milled indicates that the differences in particle shape were small, as shown in Fig-328 ure 14. Thus, the particles had similar shapes independent of mill type and particle size. 5.5. Influence of mass flow rate on particle size and shape
331
The impact of fuel mass flow rates in the pipelines, which supply the 332 wood dust to the burners, was studied by examining powder flow rates of 333 4, 6, and 8 kg s −1 . The milled wood was delivered to the burner using four 334 different pipes, but the particle size of the wood dust among the three output 335 pipes was measured. It was reckoned that at a flow rate of 8 kg s 
Discussion

356
The investigations showed only a small difference (less than 5 %) in a substantially smaller than sizes of original powder (sawdust) after milling.
362
The impact of different mill types on both particle size and shape was 363 studied using the roller-and hammer mills. The results showed that mill type 364 has the most significant influence on the size distribution of the pulverized produced finer particles after milling than the AMV pellets which were made 372 out of a mixture of 50 % softwood and 50 % hardwood.
373
The shape of milled wood was only slightly influenced by the mill type.
374
The results showed a small variation in sphericity, aspect ratio and convexity.
375
The sphericity and aspect ratio for particle fractions of size < 2 mm remained 376 unaltered. For larger particles, the shape characterization does not provide 377 statistically significant results due to small sample amounts. It was observed 378 that longer particles were rectangular in shape and had more broken edges 379 than their smaller counterparts.
380
The hammer and the roller mills require different energy inputs for con- 
